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Introduction
The diagnosis of visceral leishmaniasis (VL; kalaazar) classically rests on demonstration of Leishmania amastigotes in tissue aspirates. In addition, several serological tests have been developed, of which the direct agglutination test (DAT) appears to be a simple and economical test with high sensitivity and specificity (EL-HARITH et al., 1988) . In Sudan, the DAT proved useful for screening, with good sensitivity and negative predictive value (ZIJLSTRA et aZ., 1991) . Any diagnostic test should be evaluated in the area where it is to be used and, as VL is a rural disease, ideally it should be possible to perform the test under the most unfavourable conditions. An important problem with DAT is the limited stability of the currently used aqueous (As> antigen, for which a 'cold chain' is required. Recently, a freeze-dried (FD) antigen was developed that remains stable at ambient temperature and compared well with standard Aq antigen in the laboratory (MEREDITH et al., 1995) . In this study, we compared the performance of Aq and FD antigens in an endemic focus of VL in eastern Sudan.
Patients and Methods

Patients
The patients were taking Dart in a field studv on the incidence of VL and post k&-azar dermal leishmaniasis in the village of Urn-Salala in Rahad Province, Gedaref State. eastern Sudan (ZIILSTFU et al.. 1994) . There is no laboratory facility in't& area and 'no el&tricity. The study was carried out in December 1993 (average outdoor temperature during the day 30-35X; at night 20-25"C)-and in April 1994 (aveiage day temperature 40-45°C: at night 25-30°C). The humiditv varied between l$? andu20%. A field laboratory was set up and the Aq antigen was stored in a solar powered field refrigerator: Du&g the study period, the temperature inside the laboratorv did not fall below 35°C. even at night. Finger-prick blood was collected on &er paper, airdried and processed the same day. A random sample 
Methods
The antigens were prepared as described previously using L. donovani strain MHOMISDI68IlS (ELtide et al., 1988; MEREDITH et al., 1995) and. the DAT was oerformed essentiallv as described bv EL-HARITH et il. (1988) . In brief, d&ks corresponding to 5 & of blood were punched out of the filter papers, placed in a micro&e plate with V-shaped wells, and normal saline was added for elution (steD 1). The nlates were left at ambient temperature iveriight (12-h). The next morning a fresh solution of normal saline containing 0.2% gelatine was prepared by heating in hot water on a charcoal fire to 56°C; after cooling, 2-mercaptoethanol (0.1~) was added. The solution (75 & aliquots) was pipetted into the microtitre plate and 50 @L of eluate were added to each well, followed by 50 w of antigen (step 2: incubation). The FD antigen was reconstituted in 5 mL of normal saline, and thoroughly shaken before use. Initially, for screening purposes, serial dilutions were made from 1:200 tol:1600. Negative control wells (antigen only; on each plate) and known negative and positive controls were tested daily. The titre was defined as the highest dilution at which agglutination was still visible, as a blue mat, enlarged dot with frayed edges, or enlarged blue dot, compared with negative control wells which had clear blue dots. We used known European control serum samples on filter paper (negative control <1:200, positive control 1:8 19200) and freeze-dried serum of Sudanese endemic controls (negative $1:200, positive 1:3200, 1:12800, and 1:819200). Incubation &as for 18 h, after which samples with titres 11:3200 were diluted further to nive end-noint titres 21: 102400.
The tests were read indipendenily by 2 individuals. 
Test kala-azar dermal leishmaniasis.
Results
Totals of 287 and 158 samples were collected and tested, using both antigens, in December 1993 and in April 1994, respectively (Table) . In 98% of the December samples, and 92% of the April samples, there was no difference in tin-e, or only one dilution difference, between readings obtained using the 2 antigens on the same serum samples; none and only l%, respectively, differed by more than 2 dilutions. shake the FD antigen thoroughly after resuspension, after which it was left for 20 min and then shaken again. In April 1994, the ambient temperature inside the field laboratory did not fall below 35"C, even at night, causing evaporation and thus concentration of the eluate (during step 1). After the standard incubation period (step 2), most wells were dry and reading was impossible. To overcome this problem we used a cool box kept in a shaded place outside the laboratory; temperatures inside the box ranged from 28°C to 35°C. To address further the problem of evaporation, we attempted to shorten the procedures. Elution (stepl) could be shortened to 4 h with samples kept at high ambient temperatures; aliquots of 50 samples eluted for 10 h in the cool box, gave identical results. Samples incubated (step 2) at ambient temperature for 10 h (after which the wells could still be read) were compared with aliquots left for the standard 18 h in the cool box. Identical results were obtained with Aq antigen after both procedures; with the FD antigen, the dots were still weak after 10 h at ambient temperature, but clear after 18 h when kept in the cool box.
Thus, the DAT using Aq antigen can be completed in one day during daytime, even at high ambient temperatures; using the FD antigen it takes somewhat longer, but still can be done in 24 h, and the samples need to be stored in a cool box or otherwise kept cool.
The European control sera (on filter paper) gave unchanged titres in December 1993, but showed gradually decreasing titres in April 1994. This could have been due to higher temperatures and/or accumulation of moisture in the cool box, resulting in bacterial or fungal contamination of the samples. The Sudanese freezedried control sera remained stable at all times.
Discussion
Both antigens performed equally well, giving identical titres with most samples and a difference of only plus or minus one dilution in 92-98% of the samples, which, for practical purposes in a test that is read by eye, is entirely acceptable. This is in agreement with earlier findings under field conditions (iV&REDITH et al., 1995) .
The high ambient temperature had a major impact on the performance of the DAT. When temperatures are likely to be above 30°C we advise shortening the elution step to 4 h. The incubation step may be shortened to 10 h when using Aq antigen, but FD antigen requires 18 h and samples should be kept cool. The advantage of the FD antigen is that it does not require refrigerating and remains stable, which outweighs these drawbacks. As had already been demonstrated in a well-equipped laboratory setting (EL-HARITH et al., 1988) , gelatine can also be used under field conditions with good results, obviating the need for fetal calf serum, which is expensive and requires refrigerating. The use of freezedried control sera, which are stable under adverse climatological conditions, is a major improvement.
In conclusion, use of the FD antigen and freeze-dried control sera contributes considerably to the performance and dependability of the DAT under basic field conditions. Received 
